At present, two industrial processes are being employed to produce styrene-butadiene rubbers (DSSK) (Voronezhsintezkauchuk OJSC) and polybutadiene (SKD-L) (Nizhnekamskneftekhim OJSC) with the use of an n-butyllithium + modifier catalytic system. The developed modifiers of n-butyllithium comprise mixed alcoholates of alkali and alkaline earth metals. The alcohol modifiers chosen were high-boiling alcohols such as tetra(oxypropyl)ethylenediamine (Lapramol-294), alkylaminodiethanol, and tetrahydrofurfuryl alcohol. The choice of high-boiling alcohols is governed by the fact that, when the alcoholates break down during aqueous degassing of the polymers, they do not enter the return solvent and hardly enter the wastewaters. Lithium, sodium, potassium, magnesium, and calcium are used as the metallic component of the alcoholates.
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The main task was to produce alcoholates that were soluble in hydrocarbon solvents, as it is known that alcoholates of alkali and alkaline earth metals have low solubility, for example in toluene [1] .
Thus, to synthesise DSSK with a content of 45-50% vinyl units, a process was developed for producing a sodium alcoholate based on Lapramol-294 tetraatomic alcohol, sodium lapramolate, with the production of toluene solutions with a concentration no higher than 0.8 mol/dm 3 
.
As early as in 2002, the Voronezhsintezkauchuk OJSC began to produce DSSK-2545-M27 rubber with a content of vinyl units of 45% by continuous polymerisation technology using n-butyllithium + sodium lapramolate catalytic systems [2] .
In connection with the demand for DSSK with a high content of vinyl units (over 63%), a modifier based on two alcohols, Lapramol-294 and tetrahydrofurfuryl alcohol (THFA), and sodium was developed. Owing to the fact that alcoholates form associates, a mixture of alcoholates of the two indicated alcohols made it possible to produce toluene solutions with a concentration in terms of total alkalinity of up to 2.0 mol/dm 3 (modifier M-1) (Figure 1) . The introduction of tetrahydrofurfurylate units into the mixed alcoholates increases the content of vinyl units in the diene part of the DSSK. Figure 2 presents the dependence of the number of 1,2-units in the polymer on the molar ratio of fragments of THFA to lithium. Data were obtained on an industrial unit of the Voronezhsintezkauchuk OJSC during the production of DSSK-2560-M27. It was shown that, with 3 mol of n-butyllithium per t of DSSK-2560-M27, when sodium lapramolate was used, a 1,2-unit content of 45% was achieved.
The use of mixed alcoholates (modifier M-1) makes it possible to produce a polymer with a content of vinyl units of over 70%, depending on the molar ratio of M-1 and n-butyllithium. The optimum molar ratio of Lapramol-294 and THFA, 1:4, was found, i.e. for each -OH group of Lapramol-294 there is 1 mol of THFA.
For the case of the reaction of n-butyllithium with modifier M-1 ( Figure 3) , it was shown that, when they interact, a reaction occurs with the formation of a complex of butylsodium and the lithium alcoholates lapramolate and THFA-OLi.
The complex, in the form of a lemon-yellow finely dispersed precipitate, is insoluble in hydrocarbon solvents. In the presence of monomer, the complex is initiated and converted into soluble form, and polymerisation proceeds in the solution. In the production of the mixed alcoholate of sodium lapramolate and THFA-Na, in the hydroxyl groups, after reaction with sodium, ~1% unsubstituted hydrogen atoms remained. Therefore, after completion of the reaction of alcohols with sodium, for complete conversion of the -OH groups into alcoholate form, the alcoholates were treated with n-butyllithium. This proved to be important, as, in the case of the production of DSSK with a high Mooney viscosity (120-125 nominal units), in the reaction mass it is necessary to maintain low concentrations of active lithium (0.27-30 mol/t polymer), and, to achieve the specified content of vinyl units, to dose the alcoholates in a molar ratio of total alkalinity to lithium of 25:1. In the presence of -OH groups, the polymerisation process stops suddenly.
Subsequent investigations on increasing the solubility of alcoholates of alkali metals led to the synthesis of mixed sodium-magnesium, sodium-potassium-magnesium, sodium-calcium, and sodium-potassium-calcium alcoholates. 
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The introduction of magnesium and calcium into the alcoholates made it possible to increase the concentration in the toluene solution and even in pentadiene to 2.5-2.7 mol/L. The structure of the obtained modifiers is presented in Figure 4 .
The obtained solutions of the indicated modifiers are stable during storage for 1 year, even at a temperature of -40°C. It must be pointed out that sodium lapramolate undergoes gelation at a temperature of −15°C.
A typical composition of the modifiers used in industrial processes is given in Table 1 .
Alcoholates of alkali and alkaline earth metals, during interaction with n-butyllithium, just as with sodium alcoholates, form complexes/associates that are insoluble in hydrocarbon solvents and possess special properties differing from the properties of mechanical mixtures of the components. Here, dynamic tautomeric equilibrium should exist between the metal-carbon and metal-oxygen bonds, leading to entirely different centres of polymer chain growth than in the case of the use of butyllithium alone. If low-molecular-weight polybutadienyllithium (eight butadiene units) is used as the initiator instead of n-butyllithium, it is possible immediately to obtain a homogeneous initiator, which makes it possible to produce a polymer with the same properties as with the use of n-butyllithium combined with modifier.
In the presence of monomer, the active complex is converted into a solution, and polymerisation then proceeds in the solution.
The role of magnesium and calcium in the modifiers consists in all the hydrogen atoms in the -OH groups being replaced by metal without the addition of n-butyllithium.
As indicated above, the introduction of magnesium and calcium into the alcoholates made it possible to increase their solubility in toluene by 25-30%.
It is known that organomagnesium compounds combined with n-butyllithium do not alter the microstructure of the diene part [4] . As shown in Table 2 , increase in the concentration of magnesium in the modifier does not lead to any change in the magnitude of the 1,4-trans-structures, although the use of modifier M-3 in the synthesis of DSSK makes it possible to achieve a content of 1,2-units in the diene part of up to 74%, a content of 1,4-trans-units of 12%, and a content of 1,4-cis-structures of 14%.
At present, a modifier containing magnesium is used for the industrial production of rubber SKD-L. The use of a magnesium-containing modifier is due to the fact that the microstructure of SKD-L should be a lithium structure, i.e. a low content of 1,2-units (no higher than 15%) is possible, with 1,4-trans-and 1,4-cis-structures in equal measure.
A sodium-potassium-magnesium modifier is used for the production of rubber SKD-L with the aim of reducing gelation by a chain transfer reaction.
The presence of magnesium and calcium in mixed alcoholates ensures their stability during storage and stabilises the active centres.
Calcium makes it possible to increase the content of 1,4-trans-structures, which is important for the consumer properties of rubber DSSK-2560-M27. Therefore, to produce this rubber, use is made of modifier M-11 (sodium-calcium), which ensures a content of 1,4-transunits in the polymers of over 14 wt% ( Table 3) .
As follows from the data in Table 3 , irrespective of the calcium content in the modifier, the latter yields an identical content of 1,2-units.
The modifiers of n-butyllithium that are used in the synthesis of DSSK and SKD-L rubbers fulfil the following functions:
1. They bring the copolymerisation constants closer to each other.
2. They regulate the microstructure of the diene part of the rubber.
3. They increase the (co)polymerisation rate of the monomers. 4. They ensure a comparatively narrow molecular weight distribution (M w /M n = 1.8-2.1) in the continuous polymerisation process.
5. They prevent the polymerisation reactors from becoming fouled.
6. They bind microimpurities in the charge (solvent + monomer), breaking down the initiator. On account of this, the consumption of butyllithium in the industrial process of DSSK-2560-M27 rubber production reaches 2.6-2.7 mol/t polymer.
Thus, modifiers of n-butyllithium (mixed alcoholates of high-boiling alcohols and alkali and alkaline earth metals) have been developed and introduced into the synthesis of styrene-butadiene and butadiene polymers. Use of the studied modifiers of n-butyllithium makes it possible to produce in-demand polymers DSSK-2560, DSSK-2560-M27, and SKD-L.
